Providing artificial nest cavities to increase abundance of secondary cavity-nesting species is viewed as an effective tool (Hamerstrom et al. 1973 , Newton 1994 , Smith et al. 2005 , Catry et al. 2009 ), although questions remain as to effects on avian community structure (Van Balen et al. 1982 , Purcell et al. 1997 , Miller 2002 , Mänd et al. 2005 . A variety of studies (Kalmbach and Gabrielson 1921 , Brush 1983 , Kerpez and Smith 1990 , Cabe 1993 have concluded nest competition exists between native cavity-nesting species and European Starlings (Sturnus vulgaris; hereafter starling), but the resulting effects on populations are unclear (Koenig 2003) .
Use of artificial nest cavities by secondary cavity-nesting birds can have conservation implications, and placement of nest structures is both popular and educational from the public perspective (Cornell Laboratory of Ornithology, Ithaca, NY, USA; http://www.allaboutbirds.org/ NetCommunity/Page.aspx?pid51139). Thus, artificial cavity designs should consider not only requirements of the target species (Gehlbach 1994) , but also should minimize competitive interactions between native and invasive cavity nesters.
Our original experiment was designed to investigate a potential starling cavity repellent. We discovered avoidance by starlings of our artificial cavities prior to implementing treatments and changed our focus to report on successful use of a novel cavity design by native species across cavity size. Thus, we report only descriptive statistics with regard to species and nesting data.
METHODS
We conducted our study on the 2,200-ha National Aeronautic and Space Administration (NASA) Plum Brook Station (PB), Erie County, Ohio, USA. Habitat within PB differs from the surrounding mix of agricultural and suburban area, and is composed of dogwood (Cornus spp.; ,39%), old field and grasslands (,31%), open woodlands (,15%), and mixed hardwood forests (,11%) interspersed with abandoned and actively used structures, and paved roads that circle and bisect the station. Plum Brook Station has restricted public access.
We attached 100, 27.5-cm long 3 9.5-cm diameter polyvinyl chloride (PVC) tubes horizontally to utility poles (using pipe straps) ( Fig. 1 ) prior to the 2009 breeding season, maintaining 240 m between each tube. Utility poles on PB are in grass margins (20 to 30 m wide) along roadways and bordering wooded areas. We positioned the tubes facing the roadway to facilitate observations during the experiment, as opposed to maintaining an easterly or southeasterly frontage. Previous experiments with nest boxes on PB reported no effects of entrance direction on starling nesting (Dolbeer et al. 1988 , Belant et al. 1998 , Seamans et al. 2001 , White and Blackwell 2003 .
Each tube was placed 3 m above the ground with an aluminum predator guard mounted below the tube. The ends of each tube were sealed with a PVC cap, and the 5.1-cm diameter entrance, drilled into one end, was covered with tape until 27 April 2009. We checked each tube weekly after opening the tubes: date, presence of nest material, total number and species of eggs present, and number and species of young were recorded at the time of each check. We followed our nestcheck protocol through nest completion (presence of young). We did not follow these nests through fledging and data collection ended on 3 August 2009.
We further investigated whether starlings used these newly designed tubes in 2010, assuming any novelty associated with the first year was no longer a factor. We removed nest material from the previous year and closed the tubes until 14 April. We added 10 PVC tubes (27.5-cm long 3 17 cm) with a 5.1-cm diameter entrance to investigate the effect of nest tube inside diameter on use by starlings and native species. These larger tubes were attached to utility poles in the same manner as the smaller tubes, and were positioned at 240-m intervals. We opened these larger tubes on 15 June. Our nest-check protocol followed that described for the 2009 breeding season for all sites with the addition of following each nest through fledging. We ended our 2010 data collection on 8 September.
RESULTS
Fifty of the smaller tubes were used for nesting in 2009, 49 by Eastern Bluebirds (Sialia sialis), Tree Swallows (Tachycineta bicolor), or House Wrens (Troglodytes aedon) with one nest unidentified to species (Table 1) . Eighty-seven of the smaller tubes were used in 2010 with only two being occupied by a non-native cavity-nesting species. These tubes were occupied by House Sparrows (Passer domesticus) in close proximity to sites where bird seed was provided by an adjacent land owner. Ninety-four percent of the smaller tubes with native species fledged young (Table 1) . Starlings were observed sitting on and entering the small tubes in 2009 and 2010, but no evidence of starling nesting was found in either year.
Starlings nested in two of our larger tubes (25% of occupied tubes) while six of the remaining eight tubes contained nests of Eastern Bluebirds (n 5 1 positive identification by egg; 3 possible) and Tree Swallows (n 5 2 nests).
DISCUSSION
Our nesting data over two breeding seasons demonstrate successful use of a PVC tube cavity by three native passerine species and avoidance by European Starlings, likely due to a reduced vertical depth. Starlings are recognized as adaptable to a range of cavity dimensions in human structures (Savard and Falls 1981, Feare 1984) , but cavity vertical depth may serve as a selective factor in accessible cavities when a variety of cavity dimensions are available. For example, Mazgajski (2003) found that starlings selected nest boxes with a 22-cm vertical depth over similar boxes adjusted to achieve shallower vertical depths, possibly because of benefits in limiting predation. The smaller PVC tubes used in 2009 and 2010 replaced wood nest boxes (28-cm inside length 3 12-cm width 3 13-to 16-cm vertical distance from floor to sloped ceiling with 5.1-cm entrance) previously used in successive experiments with nesting starlings (Dolbeer et al. 1988 , Belant et al. 1998 , Seamans et al. 2001 , White and Blackwell 2003 . Starling use of the wood nest boxes in these studies ranged from 58 to 97% occupancy. McGilvrey and Uhler (1971) reported reduced starling use of 61-cm long 3 30.5-cm diameter cylinder Wood Duck (Aix sponsa) tubes mounted horizontally, particularly when the openings exceeded 7.6 cm 3 10.2 cm. We speculate that light penetration, lack of clear head space after nest construction or perceived or realized predation risk contributed to the reduced use of the horizontal tubes. We also found that only 20% of our horizontally-mounted larger tubes (offering .17 cm vertical depth) were used by starlings, whereas native species occupied 60% of these larger tubes. A variety of factors can influence starling nest cavity selection (McGilvrey and Uhler 1971, Van Balen et al. 1982) , and we suggest the 9.5-cm vertical depth of our smaller tubes was a limiting factor for starling use in our study. We believe the smaller tubes could meet the requirements of other native, secondary cavity-nesting passerines and the effects of vertical cavity depth on cavity use by starlings should be further investigated. LITERATURE CITED
